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(54) METHOD FOR MANUFACTURING SEMICONDUCTOR SILICON EPITAXIAL WAFER AND 
SEMICONDUCTOR DEVICE 



(57) A method for manufacturing semiconductor sil- 
icon epitaxial wafer and semiconductor device by which 
a gettering ability can be given to an epitaxial wafer in 
which the formation of BMD is not able to be expected 
in both low- and high-temperature device manufacturing 
processes, with the manufacturing processes being 
lower and higher than 1,050°C in temperature, and has 
a specific resistance of § lOmflcm. When this method 
is used, such BMD that is sufficient to obtain gettering 
can be formed in both the low- and high-temperature 
processes, with the manufacturing processes being 
lower and higher than 1,050°C in temperature, even in 
the epitaxial wafer having a specific resistance of s 10 
mQcm by performing low-temperature heat treatment 
at 650~900°C before starting epitaxial film formation, by 
selecting the heat-treating time in accordance with the 
process temperature in the device manufacturing proc- 
esses and heavy-metal contaminants which are mixed 
in during the device manufacturing processes can be 
gettered sufficiently. Therefore, the characteristic deteri- 
oration of a device can be prevented and the yield of the 
device can be improved. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a manufactur- 
ing method for granting gettering capabilities to a silicon 
epitaxial wafer used as a substrate for various semicon- 
ductor devices, and to a semiconductor silicon epitaxial 
wafer and semiconductor device manufacturing 
method, by which BMD (Bulk Micro Defect) required for 
gettering is formed in a wafer in a semiconductor device 
manufacturing process, which passes through a 
1 050°C or lower temperature process flow, or a 1 050°C 
or higher temperature process flow in accordance with 
either performing a predetermined low-temperature 
heat treatment on a pulled silicon single-crystal ingot, or 
performing a predetermined low-temperature heat treat- 
ment prior to the formation of an epitaxial layer, enabling 
the demonstration of a sufficient IG (Intrinsic Gettering) 
effect, and enhanced device yield. 

BACKGROUND ART 

[0002] In a ULSI device manufacturing process, a vari- 
ety of process flows are performed in accordance with 
the constitution of a device. For example, in a high-tem- 
perature heat treatment process or the like, heavy metal 
impurities, typified by Fe, Ni, Cu, can cause the forma- 
tion of defects or an energy level near the surface of a 
wafer resulting in the degradation of device characteris- 
tics. These heavy metal impurities must therefore be 
removed from the vicinity of the wafer surface, and in 
order to achieve this, IG (Intrinsic Gettering) and various 
EG (Extrinsic Gettering) gettering techniques are used. 
[0003] Generally, oxygen precipitate nuclei, which 
make impurity gettering possible, are scattered about in 
large numbers in a silicon single crystal grown using the 
Czochralski method or the magnetic CzochralsW 
method (hereinafter referred to as the CZ method). 
These oxygen precipitate nuclei are introduced during 
the process of growing a silicon single crystal, and the 
higher the oxygen concentration, the more numerous 
the oxygen precipitate nuclei. 

[0004] In a conventional high-temperature device 
process, having a Well Drive process, because oxygen 
precipitation occurs relatively easily during device proc- 
ess heat treatment, forming sufficient BMD for gettering 
in bulk, NIG (Natural IG), DZ(Denuded Zone)-IG getter- 
ing has come into widespread use. 
[0005] In the device process of the future, it has 
become clear that manufacturers will promote low-tem- 
perature processes that strive for yet higher levels of 
integration, and make use of high energy ion implanta- 
tion. In that case, the in-process formation of BMD is 
expected to become a problem because of the move to 
low-temperature processing. 

[0006] Therefore, in a low-temperature process, it is 
difficult to achi ve an adequate IG effect as with a high- 



temperature process. Further, it is believed that even 
with a low-temperature process, it will be hard to avoid 
heavy metal impurities from high energy ion implanta- 
tion and other factors, making gettering technology 

5 imperative. 

[0007] Meanwhile, higher integration levels require 
that quality be increased even further in the near sur- 
face region of the wafer. Since, unlike a CZ-Si wafer, 
there are absolutely no Grown- in defects in an epitaxial 

10 layer, an epitaxial wafer has extremely high quality sur- 
face integrity. But until now, the use of epitaxial wafers 
has been limited by cost factors. 
[0008] However, due to the problem of Grown-in 
defects, there is an extremely high likelihood that epitax- 

15 ial wafers will be utilized in earnest in even higher inte- 
gration next-generation devices (64MB, 256MB DRAM 
era). And epitaxial wafers are viewed as being the most 
likely candidates for 12-inch wafers as well. 
[0009] To date. DZ-IG processing has been widely 

20 used to enhance the quality of the ordinary CZ-Si wafer. 
With this approach, a two-stage high temperature and 
low temperature heat treatment is performed. First, oxy- 
gen near the surface of a wafer is diffused toward the 
outside, interstitial oxygen, which constitutes the nuclei 

25 of micro-defects, is reduced, and a DZ(Denuded Zone) 
layer, in which there are no defects in the device active 
area, is formed by subjecting a wafer to high-tempera- 
ture heat treatment at between around 1100°C and 
1200°C. Thereafter, oxygen precipitate nuclei are 

so formed in the wafer bulk via low-temperature heat treat- 
ment at between 600°C and 900°C. However, with DZ- 
IG processing, grown-in defects exist in the device 
active area. 

[001 0] If this wafer is subjected to a high-temperature 

35 device process, oxygen precipitate nuclei grow into oxy- 
gen precipitates in accordance with the high-tempera- 
ture heat treatment of the process, and a sufficient IG 
effect is exhibited. But with DZ-IG processing, problems 
arise in a state-of-the-art device process, such as resid- 

40 ual Grown-in defects in the device active area, and the 
lack of in-process growth of sufficient oxygen precipi- 
tates in low-temperature device processing. 
[0011] If the oxygen precipitation behavior of p/fc> + + , 
p/p + , p/p" epitaxial wafers is compared, in a p/p + + epi- 

45 taxial wafer, that has a high concentration of B in the 
substrate (substrate resistivity < 10mn • cm), oxygen 
precipitation occurs extremely easily in accordance with 
the effect of the high concentration of B. As shown in 
Fig. 3, sufficient BMD for gettering are formed, and an 

so adequate IG effect can be expected even in a low-tem- 
perature process, and even in a low oxygen concentra- 
tion substrate ([Oi] = 12 x 10 17 atoms/cm 3 old ASTM. 
hereinafter omitted) for an epitaxial wafer with a sub- 
strate resistivity of less than 6mO • cm. and in a high 

55 oxygen concentration substrate ([Oi] = 15 x 10 17 
atoms/cm 3 ) for an epitaxial wafer with a substrate resis- 
tivity of between 8-1 Omn • cm. 
[001 2] Furthermore, Fig. 3 shows the results of selec- 
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tively etching (5 minute Wright Etch) a wafer, and meas- 
uring BMD density using an optical microscope after 
using 8-inch outside diameter, p{100)B<Joped sub- 
strat s with initial oxygen concentrations of 12 x 10 17 
atoms/cm 3 and 15 * 10 17 atoms/cm 3 to prepare a vari- 5 
ety of epitaxial wafers with different substrate resistivity, 
and subjecting these wafers to the pattern of low-tem- 
perature process heat simulation shown in Fig. 1 . 
[0013] Further, the results of comparing the oxygen 
precipitation behavior of an epitaxial wafer and a pol- 10 
ished wafer in a high-temperature process flow are 
shown in Fig. 4. Fig. 4 shows the results of selectively 
etching (5 minute Wright Etch) a wafer, and using an 
optical microscope to measure BMD density after utiliz- 
ing 8-inch outside diameter, p(100)B-doped substrates is 
with two types of substrate resistivity, 10~20mn • 
cm(p + ) and 10O • cm(p'), to prepare mirror polished 
wafers with initial oxygen concentrations varying in the 
range of 1 1-17 x 10 17 atoms/cm 3 , and epitaxial wafers, 
the epitaxial layers of which were grown on wafers from 20 
the same lot as the mirror polished wafers, and subject- 
ing these wafers to the pattern of high-temperature 
process heat simulation shown in Fig. 2. 
[001 4] When a mirror polished wafer is subjected to a 
high-temperature device process, oxygen precipitate 25 
nuclei grow to become oxygen precipitates in accord- 
ance with the high temperature heat treatments in the 
process, exhibiting a adequate IG effect. 
[0015] Conversely, with an epitaxial wafer having 
resistivity of 10mO • cm or higher, oxygen precipitate 30 
nuclei shrink or disappear as a result of the high-tem- 
perature heat histories at epitaxial growth, and oxygen 
precipitation is apparently suppressed considerably 
compared to that of a mirror polished wafer. It became 
clear that little if any BMD is formed, and the IG effect 35 
cannot be expected with an epitaxial wafer having sub- 
strate resistivity of 10mO • cm or higher in either a low- 
temperature process or a high-temperature process, 
even when a substrate with a fairly high oxygen concen- 
tration is utilized. 40 
[0016] Methods for performing pre-epitaxial growth 
heat treatment in order to achieve a sufficient IG effect 
have already been studied. In H. Tsuya et al.: APPI. 
Phys. Lett. 36 (1980) 658, heat treatment conditions 
calling for temperatures of between 620°C to 1 1 50°C for 45 
between 16 hours and 64 hours in an oxygen atmos- 
phere were studied, and indicated that heat treatment at 
820°C for 16 hours is effective for gettering. However, 
the evaluation of BMD was performed after heat treat- 
ment at 1 1 40°C for 2 hours on the assumption of a high so 
temperature process, and the effect of the low-tempera- 
ture process was not clear. There was also the problem 
that a heat treatment time of 16 hours or more is 
extremely long. 

[0017] Further, Japanese Patent Publication No. 4- 55 
56800 reports a 2-stage heat treatment method, 
wherein, prior to epitaxial growth, a high-temperature 
heat treatment (1000-1 100°C) is added following a low- 



temperature heat treatment (500~900°C). But this is a 
low temperature + high temperature 2-step heat treat- 
ment, a high cost, long duration heat treatment, and 
slippage and contamination problems associated with 
high-temperature heat treatment must also be consid- 
ered. 

[0018] Japanese Patent Laid-open No. 8-97220 pro- 
poses a method, wherein, during the process in which 
the temperature is increased in the epitaxial growth 
process, either the rate of increase in a temperature 
range of from 800°C to 1000°C is less than 15°C/min, or 
an arbitrary temperature is maintained for between 
5-100 minutes. With this method, there is a clear drop 
in epitaxial throughput, and this method is also problem- 
atic in that the current situation requires the low cost, 
stable manufacture of epitaxial wafers. 
[0019] As described above, epitaxial wafers are 
viewed as prime candidates for use as next-generation 
device wafers, but in the past it was difficult to achieve a 
sufficient IG effect in an epitaxial wafer, especially a p- 
type (B-doped) wafer having a substrate resistivity of 
10mft • cm or higher, using a low-temperature device 
process, even when a substrate with a high oxygen con- 
centration was used. 

DISCLOSURE OF THE INVENTION 

[0020] With the foregoing epitaxial wafer gettering ( IG) 
problems in view, an object of the present invention is to 
provide a semiconductor silicon epitaxial wafer and 
semiconductor device manufacturing method, which 
can exhibit a sufficient gettering effect (IG), and 
enhance device yield in both a device manufacturing 
process according to a low-temperature process flow of 
under 1050°C, and a device manufacturing process 
according to a high-temperature process flow of over 
1050°Q 

[0021] Similarly, a further object of the present inven- 
tion is to provide a semiconductor silicon epitaxial wafer 
and semiconductor device manufacturing method, 
which simplifies processing as much as possible in 
order to reduce costs, and which can exhibit a sufficient 
gettering effect (IG), and enhance device yield even in a 
device manufacturing process, wherein the only 
processing is at the pulling of the silicon single crystal 
ingot using the CZ method, without the carrying out of 
any process that can be expected to produce a post- 
wafering EG effect in the wafer. 
[0022] The inventors, having as an object a semicon- 
ductor silicon epitaxial wafer capable of demonstrating a 
sufficient gettering effect (IG) in both a low-temperature 
device manufacturing process of under 1050°C .as well 
as in a device manufacturing process according to a 
high-temperature process flow of over 1050°C, con- 
ducted various studies aimed at performing a variety of 
low-temperature heat treatments prior to growing an 
epitaxial layer. As a result, the inventors brought the 
present invention to completion based on the knowl- 
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edge that If a low-temperature heat treatment of 
between 650°C and 900°C is performed prior to the 
growth of an pitaxial layer by selecting a heat treat- 
ment time in accordance with the processing temp ra- 
ture of a device manufacturing process, even in an 5 
epitaxial wafer with a resistivity of 10mn • cm or higher, 
it is possible to achieve a sufficient gettering (IG) effect 
in both a low-temperature and a high-temperature 
device process having 1 050°C as the border tempera- 
ture. 10 
[0023] That is, the inventors discovered that sufficient 
BMD for gettering is formed in the heat treatment proc- 
esses of a low-temperature device process, and a sem- 
iconductor silicon epitaxial wafer having sufficient IG 
capabilities can be achieved in a p-type (B-doped) CZ- 75 
Si wafer with a resistivity of 10mn • cm or higher, in 
accordance with growing an epitaxial layer after anneal- 
ing the wafer at between 650°C and 900°C, preferably 
for 3 hours or longer, preferably in an oxygen or nitrogen 
atmosphere, or in a gas mixture thereof, prior to epitax- 20 
ial layer growth. 

[0024] Further, the inventors similarly discovered that 
sufficient BMD for gettering is formed in the heat treat- 
ment processes of a high-temperature device process, 
and a semiconductor silicon epitaxial wafer having a 25 
sufficient IG effect can be achieved, and device yield 
enhanced in accordance with growing an epitaxial layer 
after annealing the wafer at between 700°C and 900°C, 
preferably for less than 3 hours in the above-described 
atmosphere prior to epitaxial layer growth. 30 
[0025] Further, the inventors propose a semiconduc- 
tor device manufacturing method, which applies to a 
semiconductor silicon epitaxial wafer a process flow that 
accords with the constitution of a device, this semicon- 
ductor device manufacturing method making possible 35 
the formation of sufficient BMD required for gettering, 
the demonstration of sufficient IG capabilities, and the 
enhancement of device yield in accordance with sub- 
jecting a sliced p-type (B-doped) CZ-Si wafer with a 
resistivity of 1 0mn • cm or higher either to a heat treat- 40 
ment at a temperature of between 650°C and 900°C, 
preferable for 3 hours or longer, or to a heat treatment at 
a temperature of between 700°C and 900°C, preferable 
for less than 3 hours, and thereafter applying the above- 
mentioned 1050°C or lower low-temperature process 45 
flow, or the above-mentioned 1050°C or higher high- 
temperature process flow to a semiconductor silicon 
epitaxial wafer on which an epitaxial layer has been 
grown. 

[0026] Furthermore, having as an object a semicon- 50 
ductor silicon epitaxial wafer capable of demonstrating a 
sufficient gettering effect (IG) in both a low-temperature 
device manufacturing process of under 1050°C, as well 
as in a device manufacturing process according to a 
high-temperature process flow of over 1050°C, the 55 
inventors conducted various studies aimed at granting 
gettering capabilities to an as-pulled silicon single crys- 
tal ingot itself. As a result, the inventors brought the 



present invention to completion based on the knowl- 
edge that if the same means as those described above 
can be applied to the heat treatment of a wafer, and a 
low-temperatur heat treatment of between 650°C and 
900°C is performed following the pulling of a silicon sin- 
gle crystal ingot using the CZ method by selecting a 
heat treatment time in accordance with the process 
temperature of a device manufacturing process, it is 
possible to achieve a sufficient gettering (IG) effect in 
both a low-temperature and a high-temperature device 
process having 1050°C as the border temperature even 
in an epitaxial wafer with a resistivity of 10mO • cm or 
higher on which an epitaxial layer has been grown, with- 
out performing a process that can be expected to pro- 
duce an EG effect after the ingot has been sliced into 
silicon wafers. 

[0027] Therefore, the present invention grants getter- 
ing capabilities that are not lost even under the influence 
of epitaxial layer growth heat hysteresis, by simply per- 
forming low-temperature heat treatment on a silicon sin- 
gle crystal ingot pulled using the CZ method by 
controlling the B concentration for achieving a p-type (B- 
doped) CZ-Si wafer with a resistivity of 10mn • cm or 
higher, enabling the realization of a semiconductor sili- 
con epitaxial wafer, in which sufficient BMD for gettering 
is formed in the annealing process of a device process, 
and which has sufficient IG capabilities for a variety of 
impurities, and enabling processing to be simplified by 
eliminating the need to perform any processing that 
could be expected to produce a post-wafering EG 
effect. 

[0028] That is, the present invention is a semiconduc- 
tor device manufacturing method, which applies to a 
semiconductor silicon epitaxial wafer a process flow that 
accords with the constitution of a device, this semicon- 
ductor device manufacturing method making possible 
the formation of sufficient BMD required for gettering, 
the demonstration of sufficient IG capabilities, and the 
enhancement of device yield in accordance with sub- 
jecting a silicon single crystal ingot, pulled using the CZ 
method by controlling the B concentration for achieving 
a p-type (B-doped) CZ-Si wafer with a resistivity of 
10mO • cm or higher, either to a heat treatment at a 
temperature of between 650°C and 900°C for 3 hours or 
longer, or to a heat treatment at a temperature of 
between 700°C and 900°C, preferably for less than 3 
hours, and thereafter, without performing a process that 
could be expected to produce a post-wafering EG 
effect, applying either the above-mentioned 1050°C or 
lower low-temperature process flow, or the above-men- 
tioned 1050°C or higher high-temperature process flow 
to a semiconductor silicon epitaxial wafer, which has 
been mirror polished on either one side or two sides, 
and has had an epitaxial layer grown on a predeter- 
mined surface via a vapor phase growth method. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0029] 

Fig. 1 is a graph showing a heat simulation pattern 5 
of a low-temperature process utilized in experi- 
ments of the present invention; 
Fig. 2 is a graph showing a heat simulation pattern 
of a high-temperature process, which is a semicon- 
ductor device process utilized in the experiments; w 
Fig. 3 is a graph of initial oxygen concentrations and 
BMD densities, showing the results of applying the 
low-temperature process heat simulation of Fig. 1 
to a variety of 8-inch substrate epitaxial wafers, 
having different initial oxygen concentrations and is 
resistivity, following which the wafers were selec- 
tively etched and BMD density was measured using 
an optical microscope; 

Fig. 4 is a graph of initial oxygen concentrations and 
BMD densities, showing the results of preparing 20 
mirror polished wafers from 8-inch p(100)B-doped 
CZ-Si substrates with two types of substrate resis- 
tivity, 10~20mf} • cm(p + ) and 10O • cm(p'), and 
different initial oxygen concentrations, and epitaxial 
wafers, which had 3jim thick epitaxial layers grown 25 
on wafers from the same lot as the mirror polished 
wafers, and subjecting these wafers to the high- 
temperature process heat simulation of Fig. 2, fol- 
lowing which the wafers were selectively etched (5 
minute Wright Etch), and BMD density was meas- 30 
ured using an optical microscope; 
Fig. 5 is a graph of initial oxygen concentrations and 
BMD densities, showing the results of applying var- 
ious 6-inch substrate wafers with different initial 
oxygen concentrations to a variety of heat treat- 35 
ments, manufacturing epitaxial wafers, and thereaf- 
ter subjecting these wafers to the low-temperature 
process heat simulation of Fig. 1, after which the 
wafers were selectively etched, and BMD density 
was measured using an optical microscope; 40 
Fig. 6 is a graph of BMD densities and pre-epitaxial 
growth heat treatment times under a variety of con- 
ditions, showing the results of subjecting wafers 
from 8-inch p(100)B-doped CZ-Si substrates with 
an initial oxygen concentration of 15 x 10 17 45 
atoms/cm 3 (old ASTM) to low-temperature heat 
treatments under a variety of conditions in a nitro- 
gen atmosphere prior to epitaxial growth, then man- 
ufacturing epitaxial wafers by growing thereon 3 urn 
thick epitaxial layers, and thereafter, subjecting so 
these wafers to the high-temperature process heat 
simulation of Fig. 2, selectively etching the wafers 
(5 minute Wright Etch), and using an optical micro- 
scope to measure BMD density; 
Fig. 7 is a graph showing the results of applying a ss 
low-temperature process heat treatment to an 
embodiment, and thereafter m asuring the genera- 
tion lifetime in accordance with the MOS-Ct 



method; and 

Fig. 8 is a graph of initial oxygen concentrations and 
BMD densities, showing the results of subjecting 
wafers from 8-inch p(100) B-doped (resistivity of 
10O • cm) CZ-Si substrates with different initial 
oxygen concentrations to heat treatment at 800°C 
for 2 hours, and thereafter, manufacturing epitaxial 
wafers by growing thereon 3^m thick epitaxial lay- 
ers, subjecting these epitaxial wafers to the high- 
temperature process flow heat simulation of Fig. 2, 
selectively etching (5 minute Wright etch) the 
wafers, and measuring BMD using an optical micro- 
scope. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0030] As for the present invention, the inventors per- 
formed a variety of heat treatments on a p-type CZ-Si 
wafer prior to epitaxial growth, then grew an epitaxial 
layer, subjected the epitaxial wafer to low-temperature 
process heat simulation of the pattern shown in Fig. 1, 
and studied BMD generation behavior. As a result, the 
inventors clarified that a sufficient gettering (IG) effect 
can be achieved in a low-temperature device process as 
well, even with an epitaxial wafer having a resistivity of 
10mO • cm or higher, if pre-epitaxial growth low-tem- 
perature heat treatment is performed using conditions 
of between 650°C and 900°C, preferably for 3 hours or 
longer. The inventors also studied BMD generation 
behavior after subjecting an epitaxial wafer to the high- 
temperature process flow heat simulation of the pattern 
shown in Fig. 2 (See Fig. 4). As a result, the inventors 
clarified that a sufficient gettering (IG) effect can be 
achieved in a high-temperature device process even in 
an epitaxial wafer having a resistivity of 10mO • cm or 
higher, if pre-epitaxial growth low-temperature heat 
treatment is performed using conditions of between 
700°C and 900°C, preferably for less than 3 hours. 
[0031] The present invention is characterized in that a 
1-step low-temperature wafer heat treatment is per- 
formed prior to an epitaxial growth process, and it is a 
novel invention, which enables low-cost, volume wafer 
processing, is capable of being applied to either a low- 
temperature process or a high-temperature process, 
and differs from all the above-mentioned conventional 
processing methods as to substrate oxygen concentra- 
tion, and resistivity,, and heat treatment temperature, 
time, and atmosphere. 

[0032] Further, the inventors performed a variety of 
low-temperature heat treatments on a silicon single 
crystal ingot pulled using a CZ method by controlling the 
concentration of B, following which they sliced, mirror 
polished, and grew an epitaxial layer on the p-type CZ- 
Si wafers, subjected the epitaxial wafers to low-temper- 
ature process heat simulation of the pattern shown in 
Fig. 1, and studied BMD generation behavior. As a 
result, the inventors confirmed that a sufficient gett ring 
(IG) effect can be achieved in a low-temperature device 
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process as well, even with an epitaxial wafer having a 
resistivity of 10mO • cm or higher, without performing a 
process that can be expected to produce a post-wafer- 
ing EG effect, if low-temperature heat treatment is per- 
formed on a pulled ingot using conditions of between 
650°C and 900°C, preferably for 3 hours or longer. The 
inventors also studied BMO generation behavior after 
subjecting an epitaxial wafer to high-temperature proc- 
ess flow heat simulation of the pattern shown in Fig. 2 
(See Fig. 6). As a result, the inventors confirmed that a 
sufficient gettering (IG) effect can similarly be achieved 
with a high-temperature device process, even in an epi- 
taxial wafer having a resistivity of 10mn • cm or higher, 
if low-temperature heat treatment is performed on a 
pulled ingot using conditions of between 700°C and 
900°C, preferably for less than 3 hours. That is, the 
inventors confirmed that all the embodiments, such as 
the below-described heat treatment conditions for a 
wafer, are the same as the heat treatment for a single 
crystal ingot. 

[0033] In the present invention, the reason that sub- 
strate resistivity is made 10mO • cm or higher is 
because, at less than 10mn • cm, as already 
explained, oxygen precipitation is abnormally acceler- 
ated by the effect of a high concentration of B, and 
because gettering-sufficient BMD, which is not affected 
by the heat histories at epitaxial deposition, is formed at 
an extremely early stage of a low-temperature process 
without pre-epitaxial growth heat treatment. In a 10mft 
• cm or higher substrate, since oxygen precipitation is 
significantly suppressed by the heat histories during 
epitaxial growth, pre-epitaxial growth heat treatment in 
accordance with the present invention is essential for 
achieving sufficient BMD. 

[0034] In the present invention, with regard to the oxy- 
gen concentration of a substrate, 12 x 10 17 atoms/cm 3 
or more is desirable. An oxygen concentration lower 
than 12 x 10 17 atoms/cm 3 does not achieve sufficient 
BMD at heat treatment conditions of between 650°C 
and 900°C for 3 hours or longer. As shown in Fig. 5, suf- 
ficient BMD was observed in a substrate of 12 x 10 17 
atoms/cm 3 or more following low-temperature process 
heat simulation of the pattern shown in Fig. 1. 
[0035] In the present invention, the heat treatment 
temperature applied to a wafer slated fa low-tempera- 
ture processing is set at between 650°C and 900°C 
because at less than 650°C,- although oxygen precipi- 
tate nuclei are grown to sizes that will not shrink under 
the high-temperature heat histories during the growth of 
an epitaxial layer, these temperatures are not desirable 
because of the long heat treatment time required. When 
the heat treatment temperature exceeds 900°C, the 
temperature is too hot, oxygen precipitate nuclei of suf- 
ficient density are not grown, and the effect thereof is 
not achieved. 

[0036] It is desirable that the heat treatment tempera- 
ture applied to a wafer slated for low-temperature 
processing be applied for mor than 3 hours at the 



above-described temperature conditions to achieve 
BMD of sufficient density, 5 x 10 4 defects/cm 2 or higher, 
for gettering even in a low-temperatur process. 
[0037] In the present invention, the heat treatment 

5 temperatur applied to a wafer slated for high-tempera- 
ture processing is set at between 700°C and 900°C 
because at under 700°C, although oxygen precipitate 
nuclei are grown to sizes that will not shrink under the 
high-temperature heat histories of epitaxial layer 

w growth, these temperatures are not desirable because 
of the long heat treatment time required. When the heat 
treatment temperature exceeds 900°C. the temperature 
is too hot, oxygen precipitate nuclei of sufficient density 
are not grown, and the effect thereof is not achieved. 

is [0038] The heat treatment temperature applied to a 
wafer slated for high-temperature processing is applied 
for less than 3 hours even in a 700°C heat treatment, 
and is set at less than 3 hours to achieve BMD of suffi- 
cient density (> 5 x 10 4 defects/cm 2 ) for gettering. 

20 [0039] Furthermore, in an epitaxial wafer, in which 
BMD of 5 x 10 5 defects/cm 2 or higher had been gener- 
ated in the heat simulation of a high-temperature proc- 
ess flow, slippage dislocation caused by excess oxygen 
precipitation was observed in the center portion of the 

25 wafer following heat simulation. This slippage disloca- 
tion is known to adversely affect device characteristics. 
Therefore, due to the problem of in-process slippage 
dislocation generation, it has become clear that, in the 
case of a high-temperature device process, it is neces- 

30 sary to make BMD density less than 5 x 10 5 
defects/cm 2 , and more preferably, less than 1 x 10 5 
defects/cm 2 . 

[0040] Even when heat treatment time was less than 
3 hours, with a substrate having an oxygen concentra- 

35 tion of 15 x 10 17 atoms/cm 3 (old ASTM), more than 5 x 
10 5 defects/cm 2 of BMD was formed following heat sim- 
ulation of wafers that were subjected to pre-epitaxial 
growth low-temperature heat treatments at 800°C for 2 
hours and 3 hours, and slippage dislocation was also 

40 observed in the center portion of the wafers. But, in this 
case. BMD density can be optimized by adjusting the 
oxygen concentration of the substrate, and as shown in 
Fig. 8, it was confirmed that the optimum BMD density 
can be achieved, and the generation of slippage dislo- 

45 cation prevented by reducing the substrate oxygen con- 
centration. The desirable substrate oxygen 
concentration is 10-15 x 10 17 atoms/cm 3 (old ASTM). 
[0041] As for the atmosphere, in an oxygen atmos- 
phere at a temperature of 1000°C. the injection of an 

so interstitial silicon atom into the bulk occurs in line with 
the formation of a surface oxide film, and oxygen precip- 
itation is suppressed more than in a non-oxidizing 
atmosphere. But at under 900°C, the growth of an oxide 
film does not occur much, even in an oxygen atmos- 

55 phere, and no difference in effect was observed 
between an oxygen atmosphere and a nitrogen atmos- 
pher . Further, in heat treatments in accordance with 
the present invention, it was ascertained that neither 
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low-temperature process heat simulation nor high-tem- 
perature process flow heat simulation had any affect on 
oxide film reliability or other quality factors related to an 
epitaxial wafer, making an atmosphere of oxygen, or 
nitrogen, or a gas mixture thereof desirable. 

EMBODIMENTS 
Embodiment 1 

[0042] Six-inch outer diameter, p(100) B<loped 
(10mn • cm resistivity) Cz-Si wafers, having initial oxy- 
gen concentrations of 12 x 10 17 atoms/cm 3 , 13 x 10 17 
atoms/cm 3 , 14 x 10 17 atoms/cm 3 , and 15 x 10 17 
atoms/cm 3 (old ASTM) were prepared, heat treatments 
of 600°C x 5 nr., 650°C x 5 nr., 700°C x 1 nr., 700°C x 3 
nr., 800°C x 1 nr., 800°C x 3 nr., 900°C x 3 hr., and 
950°C x 3 hr. were applied to these wafers in a nitrogen 
atmosphere prior to epitaxial layer growth, then these 
wafers, including wafers that had not undergone heat 
treatment, were set inside a single wafer-type CVO 
reactor at 850°C, the temperature was increased at a 
rate of 150°C/minute to 1150°C, and following etching 
with HCI, a 3jim-thick epitaxial layer with a resistivity of 
10O • cm was grown at 1050°C using SiHCI 3 gas, to 
produce epitaxial wafers. 

[0043] These epitaxial wafers were subjected to low- 
temperature process heat simulation of the pattern 
shown in Fig. 1, and thereafter selectively etched (5 
minute Wright Etch), and BMD measured using an opti- 
cal microscope. The results thereof are shown in Fig. 5. 
[0044] As shown in Fig. 5, heat treatment at 600°C for 
5 hours, and at 950° C for 3 hours did not achieve suffi- 
cient BMD, but BMD of 5 x 10 4 defects/cm 2 or higher, 
which is sufficient for gettering, was observed in those 
wafers that underwent pre-epitaxial growth heat treat- 
ment at 650°C for 5 hours, and at 700°C, 800°C, and 
900°C for 3 hours in a low-temperature process heat 
simulation of the pattern shown in Fig. 1. 
[0045] Further, epitaxial wafers with an initial oxygen 
concentration of 15 x 10 17 atoms/cm 3 , which had been 
subjected to pre-epitaxial growth heat treatment in a 
nitrogen atmosphere at 800°C for 3 hours, were actually 
contaminated on purpose with Ni (1 x 10 12 atoms/cm 2 ), 
following which they were subjected to the same low- 
temperature process heat simulation. After simulation, 
generation lifetime measurements were performed in 
accordance with the MOS-Ct method. The results 
thereof are shown in Fig. 7. 

[0046] Generation lifetime was good, with no apparent 
difference between purposely contaminated and uncon- 
taminated wafers, and in wafers that had been sub- 
jected to appropriate pre-epitaxial growth heat 
treatment, a sufficient gettering effect was confirmed in 
the low-temperature process. 



Embodiment 2 

[0047] Eight-inch outer diameter, p(100) B-doped 
(10O • cm resistivity) Cz-Si wafers, having an initial 
5 oxygen concentration of 15 x 10 17 atoms/cm 3 (old 
ASTM), were prepared, and heat treatments of 

1) 650°C x 3 hr., 650°C x 5 hr., 

2) 700°C x 1 hr, 700°C x 3 hr, 700°C x 5 hr., 

10 3) 750°C x 1 hr., 750°C x 2 hr., 750°C x 3 hr., 750°C 
x 5 hr, 

4) 800°C x 0.5 nr., 800°C x 1 hr., 800°C x 2 hr., 
800°Cx3hr.,800°Cx5hr., 

5) 850°C x 0.5 hr, 850°C x 1 hr, 850°C x 2 hr, 
15 850°C x 3 hr, 850°C x 5 hr, 

6) 900°C x 0.5 hr, 900°C x 3 hr, 900°C x 5 hr., 

7) 950°C x 0.5 hr, 950°C x 3 hr, 950°C x 5 hr. 

were applied to these wafers in a nitrogen atmosphere 

20 prior to epitaxial layer growth, then these wafers were 
set inside a single wafer-type CVD reactor at 850°C, the 
temperature was increased at a rate of 1 50°C/minute to 
1 150°C. and following etching with HCI, a 3^m-thick epi- 
taxial layer with a resistivity of 10H • cm was grown at 

25 1050°C using SiHCI 3 gas, producing epitaxial wafers. 
[0048] These epitaxial wafers were subjected to high- 
temperature process flow heat simulation of the pattern 
shown in Fig. 2, and thereafter selectively etched (5 
minute Wright Etch), and BMD measured using an opti- 

30 cal microscope. The results thereof are shown in Fig. 6. 
[0049] As shown in Fig. 6. pre-epitaxial growth heat 
treatment at 650°C and at 950°C for 5 hours did not 
achieve sufficient BMD, but BMD of 5 x 10 4 defects/cm 2 
or higher, which is sufficient for gettering (IG), was 

35 observed in those wafers that underwent pre-epitaxial 
growth heat treatment at 700°C, 750°C, 800°C, 850°C, 
and 900°C for 3 hours in a semiconductor device proc- 
ess high-temperature process flow heat simulation of 
the pattern shown in Fig. 2. However, BMD of 5 x 10 5 

40 defects/cm 2 or higher was observed in wafers that had 
undergone pre-epitaxial growth heat treatment at 800°C 
for 2 hours and 3 hours, and excess precipitation- 
caused dislocations were observed in the center portion 
of wafers. The optimum region for BMD which is suffi- 

45 cient for gettering (IG). and which does not generate 
dislocations is 5 x 104-5 x 10 5 defects/cm 2 

Embodiment 3 

so [0050] Next, 8-inch outer diameter, p(100) B-doped 
(10n • cm resistivity) Cz-Si wafers, having an initial 
oxygen concentration in the range of 13-16 x 10 17 
atoms/cm 3 (old ASTM), were prepared, and heat treat- 
ments at 800°C x 2 hr were applied to these wafers in a 

55 nitrogen atmosphere prior to an epitaxial layer growth 
process, then these wafers were set inside a single 
wafer-type CVD reactor at 850°C, the temperatur was 
increased at a rate of 150°C/minute to 1 150°C. and fol- 
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lowing etching with HCI, a 3^m-thick epitaxial layer with 
a resistivity of 100 • cm was grown at 1050°C using 
SiHCI 3 gas, producing epitaxial wafers. 
[0051] Thes epitaxial wafers were subjected to high- 
temperature process flow heat simulation of the pattern s 
shown in Fig. 2, and thereafter selectively etched (5 
minute Wright Etch), and BMD measured using an opti- 
cal microscope. The results thereof are shown in Fig. 8. 
[0052] As shown in Fig. 8, with pre-epitaxial growth 
heat treatment at 800°C for 2 hours, the BMD density of 10 
CZ-Si wafers having an initial oxygen concentration of 
13.8 x 10 17 atoms/cm 3 (old ASTM) were within the opti- 
mum BMD region, and it was ascertained that no dislo- 
cations had been generated. However, with CZ-Si 
wafers having an initial oxygen concentration of 13.8 x is 
10 17 atoms/cm 3 (old ASTM), high density BMD was 
generated, and slippage dislocations resulting from 
excess precipitation were observed, similar to the 
results of Fig. 6. Therefore, when BMD density exceeds 
the upper limit in accordance with heat treatment within 20 
the scope of the present invention, it is possible to form 
BMD of an appropriate density by optimizing the initial 
oxygen concentration. 

INDUSTRIAL APPLICABILITY 25 

[0053] The present invention grants gettering capabil- 
ities to a 10mn • cm or higher resistivity, p-type (B- 
doped) CZ-Si wafer, which cannot be expected to pro- 
duce a sufficient gettering effect (IG) in either a low-tern- 30 
perature device process or a high-temperature device 
process, and in accordance with applying a predeter- 
mined low-temperature heat treatment to an ingot 
pulled using the CZ method, or in accordance with 
applying a suitable heat treatment prior to growing an 35 
epitaxial layer by selecting a heat treatment time 
according to the processing temperature of a device 
manufacturing process, enables the generation of suffi- 
cient BMD in both a low-temperature device process 
and a high -temperature device process, and makes 40 
possible sufficient gettering even when heavy metal 
impurities occur in the process. Further, in accordance 
with the heat treatment conditions of the present inven- 
tion, it is possible to prevent the generation of in-proc- 
ess slippage dislocations resulting from excess oxygen 45 
precipitation. 

[0054] Further, due to flatness problems, the specifi- 
cations of next-generation 12-inch wafers are expected 
to call for a mirror-polished finish on both sides, and to 
grant PBS (Poly-Si Back Seal) or BSD (Back Side Dam- so 
age) EG (Extrinsic Gettering) to the backside of a wafer 
will require a complex manufacturing process. However, 
the present invention makes possible the use of a sim- 
ple process to grant sufficient gettering effect (IG effect) 
to an epitaxial wafer even when it is mirror polished on 55 
both sides. 

[0055] Further, since a 1-step low-temperature heat 
treatment is sufficient to ensure via an epitaxial layer the 



near-surface integrity of a device active layer, there is no 
need for a high-temperature heat treatment, enabling 
heat treatment to be performed at a lower cost than the 
DZ-IG processing performed on ordinary CZ-Si wafers 
to date. For example, in the above-described process- 
ing performed in an epitaxial reactor during an epitaxial 
process (Japanese Patent Laid-open No. 8-97220), vol- 
ume processing is difficult, but since the method in 
accordance with the present invention is carried out 
using an ordinary annealing furnace, it is advantageous 
in that a large volume of wafers can be processed at 
one time, and the throughput of the epitaxial growth 
process itself is completely unaffected. 

Claims 

1 . A semiconductor silicon epitaxial wafer manufactur- 
ing method, wherein a heat treatment is applied at 
a temperature of between 650°C and 900°C to a 
10mn • cm or higher substrate resistivity, p-type 
(B-doped) CZ-Si wafer, BMD nuclei capable of 
forming BMD sufficient for gettering are formed in a 
1050°C or lower low-temperature device manufac- 
turing process, after which, the wafer is mirror pol- 
ished on either one side or two sides, and an 
epitaxial layer is grown on a predetermined surface 
using a vapor-phase growth method. 

2. A semiconductor silicon epitaxial wafer manufactur- 
ing method, wherein a heat treatment is applied at 
a temperature of between 700°C and 900°C to a 
10mn • cm or higher substrate resistivity, p-type 
(B-doped) CZ-Si wafer, BMD nuclei capable of 
forming BMD sufficient for gettering are formed in a 
1050°C or higher high-temperature device manu- 
facturing process, after which, the wafer is mirror 
polished on either one side or two sides, and an 
epitaxial layer is grown on a predetermined surface 
using a vapor-phase growth method. 

3. The semiconductor silicon epitaxial wafer manufac- 
turing method according to claim 1 or claim 2, 
wherein the BMD density generated by a device 
manufacturing process is 

5 x 10 4 defects/cm 2 ~5 x 10 5 defects/cm 2 . 

4. A semiconductor device manufacturing method, 
which applies a process flow to a semiconductor sil- 
icon epitaxial wafer in accordance with device con- 
stitution, this semiconductor device manufacturing 
method being characterized in that a heat treatment 
is applied at a temperature of between 650°C and 
900°C to a 10mn • cm or higher resistivity, p-type 
(B-doped) CZ-Si wafer that has been sliced into 
wafers, after which, said process flow of a low tem- 
perature of 1050°C or less is applied to a semicon- 
ductor silicon epitaxial wafer, which has been mirror 
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polished on either one side or two sides, and has 
had an epitaxial layer grown on a predetermined 
surface using a vapor-phase growth method, 
achieving BMD sufficient for gettering. 

5 

5. A semiconductor device manufacturing method, 
which applies a process flow to a semiconductor sil- 
icon epitaxial wafer in accordance with device con- 
stitution, this semiconductor device manufacturing 
method being characterized in that a heat treatment 10 
is applied at a temperature of between 700°C and 
900°C to a 10mft • cm or higher resistivity, p-type 
(B-doped) CZ-Si wafer that has been sliced into 
wafers, after which, said process flow of a high tem- 
perature of 1 050°C or more is applied to a semicon- is 
ductor silicon epitaxial wafer, which has been mirror 
polished on either one side or two sides, and has 
had an epitaxial layer grown on a predetermined 
surface using a vapor-phase growth method, 
achieving BMD sufficient for gettering. 20 

6. The semiconductor device manufacturing method 
of claim 4 or claim 5, wherein the BMD density 
required for gettering is 

25 

5 x 10 4 defects/cm 2 ~5 x 10 s defects/cm 2 . 

7. A semiconductor silicon epitaxial wafer manufactur- 
ing method, wherein a heat treatment is applied at 

a temperature of between 650°C and 900°C to a sil- 30 
icon single crystal ingot pulled via the CZ method 
by controlling the concentration of B so as to obtain 
a 10mn • cm or higher resistivity, p-type (B-doped) 
CZ-Si wafer, and without performing a process that 
can be expected to produce an EG effect after the 35 
ingot has been sliced into silicon wafers, BMD 
nuclei capable of forming BMD sufficient for getter- 
ing are formed in a 1050°C or lower low-tempera- 
ture device manufacturing process, the wafer is 
mirror polished on either one side or two sides, and 40 
an epitaxial layer is grown on a predetermined sur- 
face using a vapor-phase growth method. 

8. A semiconductor silicon epitaxial wafer manufactur- 
ing method, wherein a heat treatment is applied at 45 
a temperature of between 700°C and 900°C to a sil- 
icon single crystal ingot pulled via the CZ method 

by controlling the concentration of B so as to obtain 
a 10mn • cm or higher resistivity, p-type (B-doped) 
CZ-Si wafer, BMD nuclei capable of forming BMD so 
sufficient for gettering are formed in a 1050°C or 
higher high-temperature device manufacturing 
process, the wafer is mirror polished on either one 
side or two sides, and an epitaxial layer is grown on 
a predetermined surface using a vapor-phase ss 
growth method. 

9. The semiconductor silicon epitaxial wafer manufac- 



turing method of claim 7 or claim 8, wherein the 
BMD density generated in a device manufacturing 
process is 

5 x 10 4 defects/cm 2 ~5 x 10 s defects/cm 2 . 

10. A semiconductor device manufacturing method, 
which applies a process flow to a semiconductor sil- 
icon epitaxial wafer in accordance with device con- 
stitution, this semiconductor device manufacturing 
method being characterized in that a heat treatment 
is applied at a temperature of between 650°C and 
900°C to a silicon single crystal ingot pulled via the 
CZ method by controlling the concentration of B so 
as to obtain a 10mO • cm or higher resistivity, p- 
type (B-doped) CZ-Si wafer, and thereafter, without 
performing a process that can be expected to pro- 
duce an EG effect after the ingot has been sliced 
into silicon wafers, said process flow of a low tem- 
perature of 1050°C or less is applied to a semicon- 
ductor silicon epitaxial wafer, which has been mirror 
polished on either one side or two sides, and has 
had an epitaxial layer grown on a predetermined 
surface using a vapor-phase growth method, 
achieving BMD sufficient for gettering. 

11. A semiconductor device manufacturing method, 
which applies a process flow to a semiconductor sil- 
icon epitaxial wafer in accordance with device con- 
stitution, this semiconductor device manufacturing 
method being characterized in that a heat treatment 
is applied at a temperature of between 700°C and 
900°C to a silicon single crystal ingot pulled via the 
CZ method by controlling the concentration of B so 
as to obtain a 10mn • cm or higher resistivity, p- 
type (B-doped) CZ-Si wafer that has been sliced 
into wafers, and thereafter, without performing a 
process that can be expected to produce an EG 
effect after the ingot has been sliced into silicon 
wafers, said process flow of a high temperature of 
1050°C or more is applied to a semiconductor sili- 
con epitaxial wafer, which has been mirror polished 
on either one side or two sides, and has had an epi- 
taxial layer grown on a predetermined surface using 
a vapor-phase growth method, achieving BMD suf- 
ficient for gettering. 

12. The semiconductor device manufacturing method 
of claim 10 or claim 11, wherein the BMD density 
required for gettering is 

5 x 10 4 defects/cm 2 ~5 x 10 5 defects/cm 2 . 
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